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REMARKS 

The specification has been amended to correct idiomatic and grammatical errors and to 
replace the term "discolored," as defined in the specification to mean without color, with a more 
conventional term "uncolored." The Figs, have also been amended to reflect this change of 
terminology. Draft amended Figs, are presented for the Examiner's approval, with changed 
highlighted in red. New formal drawings will be submitted when the drawing changes have been 
approved by the Examiner. No new matter has been added. 

Claim 1 has been amended to overcome the rejection under 35 U.S.C. 1 12, by deleting the 
objected to phrase. In addition, elements of now cancelled claim 2 have been added to claim 1 . 
Claims 3-5 have also been amended to more particularly point out and distinctly claim the present 
invention. Clai m 6 has been added to claim the method disclosed on p. 16, linesJL8^23 . Claim 7 
has been added to claim the paper disclosed on p. 6, lines 16-20. 
The Invention: 

The present invention relates to a reversible heat-sensitive paper comprising a reversible 
heat-sensitive recording layer. The reversible heat-sensitive recording layer comprises an 
electron donative dyestuff precursor and a reversible developer that colors and uncolors the 
electron donative precursor. The claimed paper is made by the process of heating the reversible 
heat-sensitive recording layer to a fused state, then quickly cooling the paper to a solid colored 
state. A paper made by the process claimed is neither disclosed, nor suggested in the cited prior 
art. The claimed paper has the significant advantage, described in the original specification at p. 
6, lines 8-25, that a conventional opto-thermal conversion layer with a short life span can be 
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omitted, so that the life span of the entire reversible heat-sensitive paper can be prolonged. 

The claimed paper without the opto-thermal layer is claimed in new claim 7. 

Claim 3 requires the step of heating a part of a solid colored paper as stated in claim 1 to a 
color-erasing temperature range that is lower than the melting temperature of the reversible heat 
sensitive recording layer, wherein the part is uncolored and stores the information. This step is 
neither disclosed nor suggested in any prior art. 

Claim 4 requires the step of irradiating a colored portion with light partially in 
superimposition to produce a double irradiated portion, and uncoloring the doubled irradiated 
portion by maintaining the portion in a color-erasing temperature range that is lower than the 
melting temperature of the reversible heat-sensitive recording layer, for a predetermined time. This 
step is also neither disclosed nor suggested in any prior art. 

Claim 5 is directed to a method of using the novel and unobvious paper of claim 1 and is 
therefore patentable. 

Claim 6 requires the steps of selectively cooling a first portion of the paper at a relatively 
slower rate to produce an uncolored portion; and selectively cooling a second portion of the paper 
at a relatively faster rate to produce a colored portion. These steps are also neither disclosed nor 
suggested in the prior art. 
The Rejections 

Claims 1-5 have been rejected variously over Furuya et al. (United States Patent No. 
5,981,1 15) or the applicant's statement of prior art. Furuya merely discloses a reversible 
thermosensitive recording material, it does not disclose the material made by the process according 

12 
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to claim 1 . Neither Furuya, nor applicant's admitted prior art disclose of suggest the enumerated 
novel and unobvious method steps discussed above. 

For the above reasons the rejections under 35 U.S.C. 103 should be reconsidered and 
withdrawn. 

Accordingly, it is believed that claims 1, and 3-7 are in condition for allowance. A prompt 
notice of allowance is earnestly solicited. 

Questions are welcomed by the below-signed attorney for applicants. 



GRIFFIN & SZIPL, PC 
Suite PH-1 

2300 Ninth Street, South 
Arlington, VA 22204 

Telephone: (703) 979-5700 
Facsimile: (703) 979-7429 
Customer No.: 24203 



Respectfully submitted, 



GRIFFIN & SZIPL, PC 




Joerg-Uwe Szipt 
Reg. No. 31,799 
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With Markings to Show Changes Made in Specification 
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REVERSIBLE HEAT-SENSITIVE PAPER 



AND METHODS FOR WRITING INFORMATION 



5 



BACKGROUND OF THE INVENTION 



Technical Field of the Invention 

The present invention relates to reversible heat- 
sensitive paper and methods for writing information on it. 



Description of Prior Art 

A sheet of conventional heat-sensitive recording 
paper is composed of a supporting base (for example, a 
paper sheet) provided with a heat-sensitive recording layer 

15 on the base, and when the sheet is heated by a heating 

head, heating pen, laser light, etc., information on image, 
barcode, etc. is written on the heat sensitive recording 
layer. However, such heat-sensitive recording paper has a 
disadvantage in that once information is written, the 

20 information cannot be erased, so the paper cannot be used 
again. 



materials with a reversible property were invented and 
patent applied (for instance, laid-open Japanese patent No. 

25 179043/1995) . The reversible heat-sensitive recording 
material according to the laid-open Japanese patent No. 
179043/1995 normally contains a colorless or light-colored 
electron donative dyestuff precursor, and a special 
electron acceptive compound that reversibly changes the 

30 color of the dyestuff precursor when the compound is 

heated, and the material can create and erase an image with 



10 



To solve this problem, heat-sensitive recording 



a high contrast and can maintain images stably over a wide 
range of erasing temperatures, as advantageous 
characteristics . 

One of the reversible heat-sensitive papers developed 
using such a reversible heat-sensitive recording material 
is, for example, leuco-based rewritable heat-sensitive 
paper using an electron donative dyestuff precursor. The 
electron donative dyestuff precursor is shown in Fig. 1; a 
lactone ring in the molecule opens in an acidic atmosphere 
and the precursor is colored, and by removing the acidic 
atmosphere, the lactone ring closes to resume a colorless 
state. The leuco-based rewritable heat-sensitive paper is 
combined with the electron donative dyestuff precursor and 
a reversible developer, where the reversible developer can 
reversibly create and erase a color through reactions with 
the electron donative dyestuff precursor. Typical 
reversible developers include, for example, a phenol-based 
compound with long chains in an alkyl group. 

Fig. 2 shows a coloring and un dis coloring model. In 
Fig. 2, the electron donative dyestuff precursor and the 
reversible developer in a color-erased state (lower left) 
are heated, both are fused into a colored state (top) , and 
when they are cooled quickly, the mix is solidified in a 
near-fusion state, thereby a solid colored state (lower 
right) is maintained. When the mix is gradually cooled, 
conversely, the electron donative dyestuff precursor and 
the reversible developer return to an erased state. 
Therefore, they can reverse to color or unfecolor by 
quickly or gradually cooling the mix, respectively, after 
fusion. In addition, a solid mix in a colored state can be 
transited to the original un dio colored state by maintaining 




the mix for a predetermined time in a temperature range 
slightly lower than the melting point. 

Fig. 3 is a typical sectional view of a reversible 
heat-sensitive paper 4 used conventionally for coloring and 
5 un4iecoloring with light. In Fig. 3, the numerals 

represent a base medium by 1, a photo-thermal conversion 
layer by 2, and a protection film by 3 . On the surface of 
the thermal sensitive paper 1, is formed a reversible heat- 
sensitive recording layer la consisting of an electron 

10 donative dyestuff precursor and a reversible developer, 
formed by a coating method. The opto-thermal conversion 
layer 2 contains a substance that converts light with a 
predetermined wavelength into heat, and the substance is 
normally applied to the surface of the heat-sensitive paper 

15 1, but the substance may also be dispersed in the 

reversible heat sensitive recording layer. In the opto- 
thermal conversion layer 2, an organic coloring matter that 
absorbs selectively light with predetermined wavelengths is 
normally used. The protection film 3 is a transparent film 

20 that protects the surface of the heat-sensitive paper 1 and 
the opto-thermal conversion layer 2, and is normally 
composed of a transparent plastic coating. 

The above-mentioned conventional reversible heat- 
sensitive paper 4 (leuco-based rewritable heat-sensitive 

25 paper) has the following problems. 

(1) The life of an opto-thermal conversion substance 
used as an opto-thermal conversion layer 2 is so short that 
if the layer is placed at a bright location for several 
days (for instance, two or three days), the opto-thermal 

30 conversion substance is decomposed, resulting in a shorter 
life for the reversible heat-sensitive paper. In addition, 



intense light is required because the reversible heat- 
sensitive recording layer 2 (an electron donative dyestuff 
precursor and a reversible developer) must be heated and 
melted. 

(2) When laser light is used to heat the opto-thermal 
conversion layer 2, a line smaller than the spot diameter 
of the laser light cannot be written. Consequently, the 
amount of information is limited when the layer is used to 
write barcodes, for example. 

(3) A conventional writing process is based on so- 
called raster scanning by scanning lines, therefore, when 
information spreads two-dimensionally , in the case of 
letters or two-dimensional barcodes, a long writing time is 
required. 



SUMMARY OF THE INVENTION 



The present invention has been achieved to solve the 
aforementioned problems. The object of the present 
invention is to provide a reversible heat-sensitive paper 
(1) the life of which is long and can be written on with a 
feeble light source, (2) into which a line smaller than a 
light flux used (for example, a spot diameter of laser 
light) can be written, thereby, the amount of information 
in, for instance, barcodes^ etc.^ can be increased, and (3) 
into which two-dimensional information can be written 
within a short time, and methods for writing such 
information as described above. 

To achieve the first object (1), the present 
invention offers a reversible heat-sensitive paper 
comprising a reversible heat-sensitive recording layer that 




colors and un ciio colors its surface by controlling the 
changing speed of temperature and/or keeping temperature, 
and the reversible heat-sensitive recording layer being 
kept to a solid colored state. The reversible heat- 
5 sensitive recording layer comprises an electron donative 
dyestuff precursor and a reversible developer that colors 
and undiecolors the electron donative precursor, and the 
reversible heat-sensitive recording layer being heated to a 
fused state, in advance, and then quickly cooled to a solid 

10 colored state. In addition, the present invention discloses 
methods for writing information on reversible heat- 
sensitive paper, where the reversible heat-sensitive 
recording layer is heated to a color-erasing temperature 
lower than the melting temperature, thereby, the layer is 

15 und-ts-colored before use, and then information is written on 
the layer. 

These reversible heat-sensitive paper and methods for 
writing information are characterized in that all of the 
surface of the paper is previously conditioned into a solid 

20 coloring state, and is partially un dio colored to write 

information. In the remainder of the text, these methods 
are called "reversible writing methods" and the reversible 
heat-sensitive paper for reversible writing is called 
"reversible writing heat-sensitive paper." 

25 In the reversible writing methods, the entire surface 

of reversible heat-sensitive paper (reversible writing 
heat-sensitive paper) is in a coloring state, by which 
newly written parts are un dis colored. Therefore, the 
methods are especially suitable for creating a negative 

30 image, however, the methods can also apply to producing a 
positive image. Through these means, the coloring matter 



of reversible writing heat-sensitive paper is in the state 
of a solid color and can highly absorb light. Once it 
absorbs light, its temperature easily increases. 
Therefore, a conventional opto-thermal conversion layer 
with a short life can be omitted, so the life of the entire 
reversible heat-sensitive paper can be prolonged. In 
addition, the paper can be written on with a weak light 
source (for instance, using small-output laser equipment) , 
because the paper needs to be heated only within the range 
of color-erasing temperature, which is lower than the 
melting temperature . 

In addition, to achieve the second object (2), the 
present invention provides methods of writing information 
on reversible heat-sensitive paper, in which the reversible 
heat-sensitive paper with a reversible heat-sensitive 
recording layer made from an electron donative dyestuff 
precursor and a reversible developer that can color and 
un dio color the aforementioned electron donative dyestuff 
precursor, formed on a base material, is irradiated with 
light to heat parts of the layer until the reversible heat- 
sensitive recording layer is molten, and then the layer is 
cooled quickly and the colored parts are irradiated with 
light partially in superposition, and the doubled parts are 
maintained at a predetermined un dis coloring range of 
temperatures, that is lower than the melting temperature 
for a predetermined time, thus making the parts 
un dio colored . 

According to these methods, light (for instance, 
laser light) is irradiated to quickly cool and color parts, 
locally in superposition, and doubled parts are maintained 
within a color-erasing range of temperatures, that are 




alkyloxyphenol, alkylcarbamoylphenol, or alkylgallate, with 
a carbon number of 12 or more. However, there are no 
particular restrictions provided the developer can 
reversibly change color tone. In addition, the compounds 
5 described in the laid-open Japanese patent No. 210954/1994, 
unexamined Japanese patent applications Nos. 160547/1193; 
256825/1993; 317555/1993; 328101/1953; and 10310/1994 are 
especially preferred . 

The other objects and advantages of the present 
10 invention are clarified through the following description 
referring to the attached drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

15 Fig. 1 is a view for describing coloring and 

un dio coloring of a reversible heat-sensitive recording 
material . 

Fig. 2 shows a model of coloring and un dis coloring of 
a reversible heat-sensitive recording material. 
20 Fig. 3 is a sketch of a sectional view of a 

conventional reversible heat-sensitive paper. 

Fig. 4 is a view describing the characteristics of 
the reversible heat-sensitive paper used in the present 
invention . 

25 Fig. 5A shows the reversible heat-sensitive paper 

according to the first embodiment of the present invention 
(reversible writing heat-sensitive paper) , and Fig. 5B 
illustrates methods for writing information according to 
the first embodiment of the invention (reversible writing 

30 methods) . 

Fig. 6A is a sketch of test results in the second 




According to the information writing methods of the 
present invention (reversible writing methods) shown in 
Fig. 5B, the reversible heat-sensitive paper 5 without an 
opto-thermal conversion layer (reversible writing heat- 
5 sensitive paper) is used, and during operation, the 

reversible heat-sensitive recording layer la is heated to a 
color-erasing temperature range lower than the melting 
temperature, and necessary parts are set to a color-erased 
state, and information is written on such parts. As the 

10 heat source used for writing, a light source that emits 

light with a wavelength, that can be absorbed easily by the 
reversible heat-sensitive recording layer la in a solid 
colored state (called an absorptive wavelength) , such as 
laser light source generating laser light with an 

15 absorptive wavelength is preferred. At that time, the 
intensity of the laser light should be adjusted 
appropriately according to characteristics of the 
reversible heat-sensitive paper to be used. 

More explicitly, the above-mentioned means can write 

20 information by setting the entire surface in a solid 
colored state (C in 'Fig. 4), beforehand, and by 
un dio coloring parts of the surface during operation. Newly 
written parts are un dio colored, therefore, the means are 
suitable directly for producing a negative image. However, 

25 by irradiating the means so as to leave necessary parts, a 
positive image can also be created, as in a conventional 
system. In the means, as described above, the coloring 
matter in a solid colored state absorbs light and generates 
heat, therefore, a conventional opto-thermal conversion 

30 layer with a short life can be omitted, so the life of the 
entire reversible heat-sensitive paper can be prolonged. 




The methods of the present invention shown in Fig* 6B 
are achieved based on novel knowledge obtained from the 
test results in Fig. 6A. The methods are called "writing 
erasing methods" in the following paragraphs. 
5 According to the invented methods (writing erasing 

methods) , light is irradiated to heat parts in which the 
reversible heat sensitive recording layer 2 is heated to a 
fused state, then quickly cooled to color the parts on 
which light is irradiated in superimposition, and portions 
10 illuminated in superimposition are maintained at a color- 
erasing temperature range lower than the melting 
temperature for a predetermined time to un dio color the 
portions . 

As a light source for emitting light with an 

15 absorptive wavelength, laser light 7 may be used 

preferably, but the present invention is not restricted 
only to this means and may use another light source. When 
a laser light source is used as shown in the example in 
Fig. 6A, beams of laser light are shifted slightly toward 

20 each other in the horizontal direction of the view, to 

clearly show the situation, and such shifting is not needed 
in practice, as a matter of course. In addition, in Fig. 
6B, laser light 7 is focused onto the opto-thermal 
conversion layer 2 using an optical system 7a (convex lens 

25 etc.), however, fine beams of laser light 7 can be 
irradiated directly . 

According to the aforementioned methods of the 
present invention (writing erasing methods), light (for 
instance, laser light) is irradiated to parts that have 

30 been colored by quick cooling, partially in 

superimposition, and doubled portions 6a are maintained in 




a color-erasing temperature range, that is lower than the 
melting temperature, for a predetermined time to un dio color 
such portions, so the doubled portions 6a can be 
undjr&colored, and single portions 6a can be colored in a 
5 normal state. Therefore, the width of a line in the single 
portions 6a can be made smaller than the light flux used 
(for example, spot diameter of laser light), thereby, the 
amount of information on a barcode can be increased 
dramatically . 

10 Figs. 7A and 7B show the information-writing methods 

and a sketch of the mechanical mask used in the methods, 
according to the third embodiment of the present invention. 

As typically shown in Fig. 7A, according to the 
methods of the present invention, an exposing mask 9 with 

15 an information content is positioned between a light source 
8 and reversible heat sensitive paper 5, and light 
transmitted through the exposing mask 9 is focused on the 
reversible heat-sensitive paper to write two-dimensional 
information. These methods are called "all surface 

20 simultaneous writing methods." 

As a light source 8 used in the all surface 
simultaneous writing methods (two-dimensional writing) , a 
pulse light source such as a flash lamp may preferably be 
used. 

25 To color the entire surface as a pre-stage of 

reversible lighting, one-dimensional scanning using a 
heater or an incandescent lamp is carried out for heating 
in a straight line (for instance, a vertically spread light 
source is moved from left to right) , or a flash light 

30 source is used to instantly heat the entire surface for 

coloring. If cooling rate is insufficient, an air-cooling 




mechanism may preferably be added. 

To erase the entire surface, a heater, incandescent 
lamp or flash light source is used to heat the entire 
surface instantaneously, thereby, the entire surface is 
5 un dis colored. Or, hot air etc. may also be blown. 

Mechanisms for coloring and undiecoloring the entire 
surface are substantially the same, and are controlled by 
heating temperature (a low temperature gives rise to 
un diG coloring) or cooling rate (a long heating time may 

10 heat the layer more deeply down to the supporting base, 
resulting substantially in gradual cooling) . 

As the exposing mask 9, some optical gates, such as a 
mechanical mask, optical mask, liquid crystal, movable 
mirror, etc. can be used. Fig. 7B shows an example of the 

15 mechanical mask; a plurality of shutter belts 9a are 

provided in orthogonal x and y directions, and each belt is 
independently opened and closed using an actuator, not 
illustrated, thus, a free transmission pattern can be 
formed. When a liquid crystal is used as the exposing mask 

20 9, transmission of light is controlled two-dimensionally . 

By irradiating this exposing mask 9 with an intense 
light source 8 and focusing the image of the exposing mask 
9 on recording paper using an appropriate optical system 
8a, the preferred portions can be heated. According to 

25 these methods (simultaneous writing methods for the entire 
surface) , two-dimensional information can be written 
simultaneously, so that time for writing two-dimensional 
information can be greatly reduced. 

In addition, in the case of one-dimensional writing, 

30 raster scanning in which laser light is scanned on 

recording paper can be applied, as well as vector scanning 



for controlling laser light two-dimensionally to write 
information onto recording paper. 

As described above, the reversible heat-sensitive 
paper and methods for writing information on the paper 
5 according to the present invention provide the following 
effects . 

(1) Using "reversible writing heat-sensitive paper" 
and "reversible writing methods," the entire surface is 
conditioned to a solid colored state, beforehand, and the 

10 surface is partially un dio colored during operation to write 
information. Therefore, a conventionally used opto-thermal 
conversion layer with a short life can be omitted, taking 
advantage of the opto-thermal conversion characteristics of 
the solid colored state, and the life of the entire 

15 reversible heat-sensitive paper can be prolonged. In 

addition, because the paper is required to be heated almost 
to a color-erasing temperature range, which is lower than 
the melting temperature, writing can be achieved using a 
weak light source (for instance, laser equipment with a 

20 small output) . 

(2) According to the "writing erasing methods," the 
width of a line of single parts can be made smaller than a 
light flux used (for example, spot diameter of laser 
light) , therefore, the amount of information on a barcode 

25 etc. can be sharply increased. 

(3) The "all surface simultaneous writing methods" 
enable simultaneous writing of two-dimensional information 
within a short period, resulting in a great reduction in 
the time for writing two-dimensional information. 

30 In summary, the reversible heat-sensitive paper and 

the methods for writing information on the paper according 




Marked-up Version of the Claims 



^^Rjmjp^Cmnended) A reversible heat-sensitive paper comprising a reversible heat-sensitive 
recording layer [that colors and discolors its surface by controlling the changing speed of 
temperature and/or keeping temperature.] : wherein the reversible heat-sensitive recording layer 



uncolors the electron donative precursor; and 

made by the process of heating the reversible heat-sensitive recording layer [being] toa 
fused state, then quickly cooling the paper [kept] to a solid colored state. 

3. (amended) [Methods] A method of writing information on a reversible heat-sensitive 
paper, [in which] comprising the steps of: 

preparing a reversible heat-sensitive paper comprising a reversible heat-sensitive layer that 
comprises an electron donative dyestuff precursor and a reversible developer that colors and 
[discolors] uncolors the electron donative precursor [is prepared]^ by heating[, in advance,] the 
reversible heat sensitive layer to a molten state and then quickly [cooled] cooling to a solid colored 
state[,]; and 



heating a part of the reversible heat-sensitive recording layer [is heated] to a color-erasing 
temperature range that is lower than the melting temperature of the reversible heat sensitive 
recording layer, [during operation, and] wherein the part is [discolored] uncolored and stores the 
information. ? 

4. (amended) [Methods] A method of writing information on a reversible heat-sensitive 
paper, [in which] comprising the steps of: 

preparing the reversible heat-sensitive paper comprising a reversible heat-sensitive 



comprises an electron donative dyestuff precursor and a reversible developer that colors and 



recording layer that comprises an electron donative precursor and a reversible developer that colors 
and [discolors] uncolors the electron donative precursor, formed on a supporting base[,]; 
[is irradiated] irradiating the reversible heat-sensitive paper with light* [and] 
heating an irradiated part [is heated to heat] so that the reversible heat-sensitive recording 
layer is heated to a molten state, then quickly cooling the irradiated p art [is quickly cooled, and] to 
produce a colored portion [is irradiated]; and 

irradiating the colored portion with light partially in superimposition to produce a double 
irradiated portion , and uncoloring the doubled irradiated portion [is discolored] by maintaining the 
portion in a color-erasing temperature range that is lower than the melting temperature of the 
reversible heat-sensitive recording layer, for a predetermined time[, thereby, the portion is 
discolored]. 

5. (amended) [Methods] A method of writing information onto a reversible heat sensitive 
paper according to claim 1 , [on which] comprising positioning an exposing mask [is positioned] 
between a light source and the reversible heat sensitive paper, transmitting light [is transmitted] 
through the mask and [is focused] focusing light on the reversible heat-sensitive paper, [and] 
whereby two dimensional information is written. 
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